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The VBS Processes at LHC

ÿ Vector Boson Scattering (VBS) is a 

key process to probe the mechanism

of electroweak symmetry breaking (EWSB)

ÿ Involving Quartic Gauge Couplings (QGCs) 

which is sensitive to new physics

þ Only charged QGCs allowed at Standard Model 

(SM) tree-level (WWWW, WWZZ, WWZǠ, WWǠǠ)

þ Constraint on anomalous QGCs (aQGCs)

þ Probe new physics through deviations from SM
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.55.7165


The VBS Unitarity Violation Issue

ÿ Close connection with Higgs physics

ÿ The VBS cross sections will go diverge without Higgs or other similar underlying new unitarization 

mechanisms
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SM VV scattering processes with 

low mass Higgs (120 GeV)
SM VV scattering processes w/o a Higgs boson

JHEP11(2008)010

nb nb

http://iopscience.iop.org/article/10.1088/1126-6708/2008/11/010


Experimental Signatures of VBS 

ÿ Two intermediate vector bosons radiated from two incoming quarks

ÿ Final state with two vector bosons plus two outgoing jets

ÿ In general, two òtagó jets in forward region with large rapidity separationand large invariant mass

ÿ Suffer from pile-up (PU) jets, especially in the forward region when go to HL/HE

ÿ EW VBS has relatively smaller cross-sections, 

suffer from irreducible QCD VV + 2jetsevents

Č A HL-LHC project with extended

detector Ǥcoverage will be crucial and ideal for

general VBS measurements, as of signal

sensitivity and background rejection, etc.
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Candidate VBS event from ssWW

Phys. Rev. Lett. 113, 141803

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803


Where Are the MultiBosonProcesses
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VWe have been able to have many 

precision measurements of VV final 

states with current luminosity

VWith additional two jets, cross 

sections go below 10-2 pb level



Current VBS Measurements at the LHC
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ATLAS measurements CMS measurements

Statistic limited in the VV + 2jets measurements

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined


Looking Forward for More Luminosity

ÿ Differential cross section measurements instead of an 

overall significance

ÿ Longitudinal VV scattering part

ÿ Try to include semi-leptonic channels as well

ÿ Much improvedlimit on aQGCs

ÿ é
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Expected VBS Measurements with 3000 fb -1 @14 TeV

VBF Higgs SM dibosonVBS

VBF H(125) to WW ssWW

VBF H(125) to ZZ to 4l VBS ZZ to 4l

VBF H(125) to ǒǒ VBS WZ to lǪll

VBF H(125) to ǱǱ
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Studies with HL-LHC on VBF/VBS processes

This talk will focus on VBS part
More luminosity and higher energy gives 

the possibility to

V Precision measurements of electroweak 

scattering processes

V Probe to new physics through 

anomalous vector boson couplings or 

any deviations from SM prediction

V One disadvantage we have to suffer is 

the higher pileup, especially pileup jets 

in forward region



The (a)QGCs in VV Final States

ÿ Effective operators approach

ÿ Three types of dimension-8 operators

þ Scalar: S0, S1, S2

þ Tensor: T0 ðT9

þ Mixed: M0 ðM7
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Michael Rauch, arxiv:1610.08420

O. J. P. Eboli, M. C. Gonzalez-Garcia, arXiv:1604.03555

SM allowed ones

https://arxiv.org/abs/1610.08420
https://arxiv.org/abs/1604.03555


General Signatures from aQGCs

ÿ Enhanced cross sections in the high 

energy/mass tail region

ÿ Usually powerful observables

þ Mass,  pT,  mT, etc. depending on final states

þ In most cases we are looking at the highest few 

bins Ą Higher luminosity and higher energy will 

help a lot

þ Will benefit from a more accurate high-order

calculation as well in the tail region
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JHEP 07 (2017) 107

https://link.springer.com/article/10.1007/JHEP07(2017)107


Current Same-sign WW Scattering @13 TeV
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Phys. Rev. Lett. 120, 081801 ïPublished 22 February 2018

V Profile likelihood ratio test statistic based on 2D (mjj, mll) 

distributions

V Observed (expected) significance of 5.5 (5.7) ů

General event selections

V Two isolated same-sign leptons

V Two jets with high mass and large ɖ

separation

V Centrality cuts

~50% of prompt backgrounds come from WZ 

process 
One of the VBS channels with best S/B

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.081801

